The aim of the study was to isolate and identify staphylococci from the intestinal samples of 24 trouts from East Slovakian waters. Moreover, their relation to antimicrobials was tested. The count of staphylococci in the trouts reached in average 4.0 x 10 1 colony forming units per gram. Twenty-two strains were identified by validated species-specific oligonucleotide array targeting the manganese-dependent superoxide dismutase-sodA gene. The identified strains were allotted to five species (Staphylococcus warneri, S. haemolyticus, S. epidermidis, S. hominis, S. pasteuri) clustered to three groups according to 16S rRNA sequences (S. epidermidis group, S. haemolyticus group, S. warneri group). These species belong to coagulase-negative staphylococci. All strains were sensitive to eight antibiotics out of 14 tested; the majority of strains were also sensitive to the remaining six antibiotics with the inhibitory zones from 13 to 41 mm. The strains were also sensitive at least to three enterocins of nine tested. Strains SW24/2, SHo 19/2, SHo20/1, SP19/1 were sensitive to eight of nine enterocins. All strains were sensitive to Ent A, P=EK13, and Ent EM41 with activity 100-6400 AU/mL. Strains SHo19/2 and SP19/1 were sensitive to Ent 2019 with activity up to 25600 AU/mL.
The microbial populations within the digestive tract of fish are rather dense with number of microbiota much higher than those in the surrounding water; the digestive tract provides favourable ecological niches for these organisms (18) . The predominant bacterial genera/species isolated from most fish guts have been aerobes or facultative anaerobes (1) . Typical numbers of bacterial populations in fish intestines are 10 8 aerobic heterotrophic bacteria per g. Ringo and Gatesoupe (18) reported that lactic acid bacteria (LAB) belong to the obligate microbiota of the gastrointestinal tract in healthy fish. However, it is known that the level of LAB population associated with the digestive tract is affected by nutritional and environmental factors like dietary polyunsaturated fatty acids, chromic oxid, stress, and salinity. According to Balcázar et al. (1) fish that did not exhibite signs of disease during a furunculosis outbreak possessed a high number of LAB especially from the genera Lactobacillus, Lactococcus, and/or Leuconostoc.
Staphylococci also belong to LAB. The genus Staphylococcus includes at least 41 species. Staphylococci are Gram-positive cocci forming clusters, producing catalase, and having an appropriate cell wall structure (including peptidoglycan type and teichoic acid presence) as well as G+C content of DNA in a range of 30-40 mol%. According to the ability to produce the enzyme coagulase (that causes blood clot formation), they are classified into coagulase-positive or coagulasenegative staphylococci (CoPS, CoNS). Padilla et al. (13) reported that members of the genus Staphylococcus can occasionally produce disease in fish and they isolated Staphylococcus xylosus.
Trouts taxonomically belong to the family Salmonicidae. In Slovakia, they represent important species from economical point of view. It is one of the fishes produced for food. However, there are still quite limited data concerning the microbiota in trout intestines. Therefore, the aim of the study was to identify staphylococcal isolates of Salmo gairdnerii and Salmo trutta from East Slovakian water sources. These isolates were able to produce at least one out of four biogenic amines (putrescine, phenylethylamine, cadaverine, tyramine), which can threaten food safety (15) . Therefore, their relation/sensitivity to commercial antibiotics and to bacteriocins-enterocins was also tested. Enterocins have been chosen as alternative antimicrobial agents, in the face of increasing problem of antibiotic reistance. Moreover, relation of fishderived staphylococci to enterocins has not been tested so far. Enterocins, which are mostly produced by enterococci represent natural antimicrobial substances of proteinaceous character. In the study, nine semi-purified bacteriocins-enterocins (SPBs) produced by the different strains of Enterococcus faecium were used. Giammarinaro et al. (6) . The validated species-specific oligonucleotide array targeting the manganese-dependent superoxide dismutase (sodA) gene was used in this study. The primers D1 (CCITAYICITAYGAYGCIYTIGARCC) and D2 (ARRTARTAIGCRTGYTCCCAIACRTC) were used to amplify the internal part of the sodA gene by PCR (6, 17) , but D2 was 5-terminal digoxigenin-labelled. The labelled PCR products were denatured by heating and hybridised with species-specific oligonucleotide probes fixed to a nylon membrane. The hybridised targets were detected with the Dig colour detection kit (Roche, France).
Material and Methods

Identification
Antibiotic testing. Sensitivity or resistance of staphylococci to 14 antibiotics (Atbs) was tested by the qualitative agar diffusion method (3) using Brain heart agar (BHA, Becton and Dickinson, USA). The following antibiotic discs were used: lincomycine, clindamycin (Lin, Clin, each 2 µg), novobiocin, (Nov, each 5 µg), tobramycin, ampicillin, gentamicin, oxacillin, methicillin (Tob, Amp, Gen, Oxa, Met, each 10 µg), azithromycine, erythromycin (Azm, Ery, each 15 µg), penicillin (Pnc, 10 IU), tetracycline, vancomycine, chloramphenicol (Tct, Chc, each 30 µg), and phosphomycine (Fos, 200 µg). The antibiotics were selected according to the recommendations for the use in the veterinary medicine (22); they were supplied by Oxoid (England), LachNer (Czech Republic), Becton and Dickinson (USA), and Fluka/Biochemica (Switzerland). The strains were evaluated as sensitive or resistant (by measuring inhibitory zones expressed in mm) according to the manufacturers´ instructions. Staphylococcus aureus CB44 (University of Veterinary Medicine and Pharmacy, Brno, Czech Republic) served as positive control.
Sensitivity to enterocins. SPBs were prepared according to the protocols described previously; Ent 4231 produced by the rumen isolate E. faecium CCM 4231 (7), Ent A, P=EK13 produced by E. faecium EK13=CCM7419 (11), and Ent M produced by E. faecium AL41 (12), both of environmental origin, Ent 2019 produced by rabbit isolate E. faecium EF 2019=CCM 7420 (19) , Ent M3a produced by isolate from rabbits' meat (21), Ent 55 produced by E. faecium EF 55 of chicken origin (20) , Ent 412 produced by E. faecium EF 412 (9) isolate from horses and Ents EM 41, EM 42 produced by E. faecium strains originated from ostriches faeces (10) . The inhibitory activity of SPBs was tested by the agar diffusion method according to De Vuyst et al. (4) on BHA plates. The activity of SPBs-Ents was expressed in arbitrary units per millilitre (AU/mL); it was defined as the reciprocal of the highest two fold dilution of bacteriocin producing an inhibitory zone. The activity of Ents was as follows: Ent A, P=EK13, Ent 55, Ent 412, Ent 2019-25600 AU/mL; Ent M; Ent M3a, EM41-6400 AU/mL; Ent EM42-800 AU/mL; Ent 4231-1600 AU/mL.
Results
Identification of staphylococci. The average count of staphylococci in the intestinal samples from trouts reached 4.0 x 10 1 CFU/g (colony forming unit per gram). Twenty-two strains were identified and allotted to five staphylococcal species from 48 validated so far. Staphylococcus warneri was the most often detected species. Ten strains were allotted to this species (SW16/1, SW16/2a, SW17/1, SW18/1, SW23/1, SW23/2, SW23/3, SW24/1, SW24/2 and SW24/3). The second species most often occurring in the trouts was S. haemolyticus., Four strains (SHae22/1, SHae22/2, SHea 22/3, and SHae 22/4) were allotted to this species; S. epidermidis involved three strains (SE21/1, SE21/2, SE23/4) and S. hominis -three strains (SHo19/2, SHo 20/1, SHo20/2); two strains belonged to S. pasteuri (SP19/1, SP23/5). Staphylococci detected in the study belonged to coagulase-negative staphylococci.
Antibiotic testing. As presented in Table 1 , all isolates were sensitive to Met, Nov, Fos, Tob, Clin, Lin, Gen, and Chc (100.0%). Among 22 isolates, 21 strains were sensitive to Tct and Oxa, 20 strains to Pnc and Amp. From 22 strains, only S. warneri SW16/2a was resistant to Tct, and S. haemolyticus SHae22/1 was resistant to Oxa. Eight strains out of 22 were biresistant, i.e. resistant to two Atbs. S. epidermidis SE23/4 and S. haemolyticus SHae22/1 were resistant to three Atbs. Because 11 out of 22 strains were resistant to Azm and Ery, the 11 remaining strains were sensitive to Azm and Ery. S. warneri SW16/2a showed resistance to five Atbs (Amp, Azm, Ery, Pnc, Tct). The sizes of the inhibitory zones in sensitive strains ranged from 13 to 41 mm (it was in the range following manufacturers' instructions). As shown, sensitivity of strains to Atbs dominated.
Sensitivity of staphylococci to enterocins. From 22 obtained isolates, 15 were tested for their sensitivity to Ents. Among them, 8 strains were resistant to Ents tested (S. warneri SW16/2a, SW23/1, SW24/1, S. haemolyticus SHae22/1, S. epidermidis SE21/1, SE21/2, SE23/4, SP23/5) ( Table 2) . numbers -zone of inhibition (mm); R -resistant, Amp-ampicillin, Azm-azithromycine, Ery-erythromycin, Oxa-oxacillin, Chcchloramphenicol, Cli-clindamycine, Gen-gentamicin, Pnc-penicillin, Tct-tetracycline; concentrations of antibiotics are summarised in the part Material and Methods On the other hand, seven isolates were sensitive to at least three of nine Ents. S. warneri SW24/2, S. hominis SHo19/2, SHo20/1, and S. pasteuri SP19/1 were sensitive to eight out of nine Ents. All tested strains were sensitive to Ent A, P=EK13 produced by E. faecium EK13=CCM7419 and to Ent EM41 (activity 100-6400 AU/mL) except S. hominis SHo20/2. S. hominis SHo19/2, and S. pasteuri SP19/1 were sensitive to Ent 2019 (activity up to 25 600 AU/mL). Only three strains were sensitive to Ent EM42 (100 AU/mL). The growth of S. hominis SHo20/2, which was resistant to Azm, was inhibited by three Ents (Ents M, 2019, 4231); it means that SHo20/2 was sensitive to these Ents. Similarly, the strains S. pasteuri SP19/1 and S. hominis SHo20/1 were resistant to Azm and Ery, but they were sensitive to eight out of nine Ents (except Ent EM 42). The strains S. warneri SW18/1, SW23/3, SW23/2, SW24/3, S. haemolyticus SHae22/2, 22/3, 22/4 have not been studied for their sensitivity to enterocins yet.
Discussion
Many factors influence the composition of the obligatory intestinal microflora in fish. Some reports suggest that the intestinal microflora of fish reflects the bacterial content of ingested feed, while others have shown the importance of the rearing water (18) . Lactic acid bacteria (LAB) belong to the commensal microbiota. It is generally accepted that LAB are a part of the native microflora of fish intestine (18) . Among them, carnobacteriae were the most frequently detected (18) . However, e.g. in Norway, two taxonomic groups, Staphylococcus and Micrococcus, predominated in fish Salvelinus alpinus L from rearing waters; their count was approximately 10 4 CFU per gram (more than the number of staphylococci detected in the tested samples). In this type of environment, significant counts of the species S. epidermidis were detected. Although among our isolates, the strains of S. epidermidis were also identified, most of the isolates belonged to the species S. warneri (45.0%); followed by S. haemolyticus (18.8%), S. epidermidis, S. hominis (13.6%), and S. pasteuri (9.0%). Detected staphylococci are representatives of CoNS; coagulase production is one of the most important phenotypical features used in the classification of staphylococci. Taking into account 16S rRNA sequences (5), the identified staphylococcal strains can be clustered to three groups; S. epidermidis group involves S. capitis, S. caprae, S. epidermidis, and S. saccharolyticus (5) . Thus, three identified S. epidermidis strains from trouts (SE21/1, SE21/2, SE23/4) were allotted to that group. Four identified S. haemolyticus strains and three S. hominis strains belonged to S. haemolyticus group (5). This group includes also the species S. devriesei; but this species was not identified among the isolates. S. warneri group includes two species: S. warneri and S. pasteuri (5) . It means that ten S. warneri strains from trouts and two S. pasteuri belonged to this group.
Staphylococci are widespread microbiota but some species observed in some animals appear more rarely on more distantly related host species. To discuss the occurrence of these species in the investigated samples, human influence on environment, including rivers, should be taken into account because the species of CoNS detected in the samples are also detected in humans; however, they can also occur in other niches; as previously reported by us (7, 19) .
One aspect of interest is antimicrobial profile of the strains themselves and other aspect is their sensitivity to antimicrobials, i.e. Atb and bacteriocinsenterocins. The majority of isolates tested were dominantly sensitive to commercial Atbs; it is a promising result indicating that the obtained isolates were wild type, and had no contact with Atbs, which potentially could be present in the environment. However, three strains SW16/2a, SE23/4, SW24/3 were resistant to Pnc; Pnc is representant of β-lactam antibiotics and resistance to Pnc could be explained by the production of the enzyme penicinilase by bacteria, which leads to damaging of β-lactam chain and formation of 6-aminopenicilan acid that does not have antimicrobial effect (22) . Oxa also belong to this type of Atbs and staphylococci are mostly sensitive to Oxa. Aminoglycosides such as Gen, Tob possess mostly bacteriocidic character. Although the sensitivity of CoNS to aminoglycosides can be variable; the studied strains were sensitive. On the contrary, the same species of CoNS isolated from rabbits' meat showed high resistance e.g. to Amp, Oxa, or Pnc (14) .
S. warneri SW16/2a was polyresistant to antibiotics as well as to all Ents. It will be interesting to continue testing it to other types of Ents. One possible explanation of such resistance in SW16/2a strain is the presence of resistance genes; however, these genes have not been tested in this strain yet. Sensitivity of Gramnegative pseudomonads to Ent A, P=EK13, produced by E. faecium EK 13=CCM 7419, was reported by Pogány Simonová et al. (16) . Formerly mentioned Ent A, P=EK 13 also showed its antimicrobial effect under in vivo conditions; its therapeutic effect, which was stronger than the prophylactic effect, was demonstrated in the digestive tract of Japanese quails experimentally infected with Salmonella enterica serovar Duesseldorf SA31 (8) . In addition, Ciganková et al. (2) described application of Ent A, P=EK13 to Japanese quails previously infected with S. enterica serovar Duesseldorf SA31. Less intensive damage of microscopic and submicroscopic structures of the intestinal epithelium (less damage of enterocytes and goblet cells) was demonstrated in the quails with Ent A, P=EK13 comparing with quails, which did not receive Ent A, P=EK13.
It can be concluded, that free-living trouts are a source of various CoNS species mostly sensitive to commercial Atbs as well as to Ents. It is probable that in the case of infections (as breeders complained), alternative antimicrobials (Ents) have to be used with the aim to reduce and/or eliminated causative bacterial agents. Further studies are in progress.
